Computational modeling of fuel cell electrode-catalyst layers is an important tool in understanding the different electrochemical reactions and transport phenomena occurring within fuel cell electrodes. Proper modeling of this layer is required for an accurate prediction of cell behavior which in turn can be used for the development of more efficient fuel cells.
INTRODUCTION
The focus of this paper will be primarily on the dominant electrodes of solid oxide (SO) and proton exchange membrane (PEM) fuel cells, i.e. on the oxidation (anode) electrode of SOFCs and on the reduction (cathode) electrode of PEMFCs. To begin with, the anode electrode of a SOFC is a porous structure made up of nickel yttria-stabilized zirconia (Ni + YSZ). The electrolyte which interfaces with this electrode consists of yttrium-stabilized zirconia (YSZ). The electrochemical oxidation reaction which occurs at this electrode takes place at the so-called three-phase boundaries (TPB) which are the interfaces between the electron conducting nickel, ion conducting YSZ, and the pores which allow for the transport of the gas species. Hydrogen diffusing through the pores on the anode side from the gas channels combines with a negatively charged oxygen ion (O 2-) traveling through the electrolyte from the cathode side as indicated by
(1) In this oxidation reaction, H 2 forms a molecule of H 2 O and releases a pair of electrons. The electrons, thus, generated are conducted through, for example, an external circuit to the cathode side where they combine with the oxygen diffusing through the porous cathode from the gas channel to generate O 2-as shown in
In a PEMFC, the anode and cathode are separated from each other via a proton-conducting polymer electrolyte membrane (Nafion TM ). The electrochemical reactions occur in the electrode-catalyst layers which are the layers separating the electrolyte and the gas diffusion layers. Each electrode-catalyst layer consists of carbon, platinum, and polymer. As in the SOFC, the electrochemical reactions take place at the TPB's which for the cathode electrode are the interfaces where the proton conducting polymer, electron conducting carbon, and the platinum catalyst come in contact with each other. In a PEMFC cathode electrode-catalyst layer, the oxygen not only flows through the pores but may as well diffuse through the polymer which contrasts with the SOFC anode electrode where the oxygen flow occurs only within the pores. Therefore, TPB's in the electrode-catalyst layers of the PEMFCs can be present even within the polymer material. The hydrogen oxidation reaction which occurs in the anode-catalyst layer produces protons and electrons, i.e. after which the protons pass through the electrolyte while the electrons are conducted through, for example, an external circuit to the cathode electrode-catalyst layer. In this layer, oxygen diffusing through this layer reacts with the protons and the electrons at the TPBs to produce water, i.e. A number of 2D and 3D macroscopic models have been developed both for SOFCs and PEMFCs (e.g., [1] [2] [3] [4] [5] [6] [7] ) in which the modeling of the electrodes when done as homogeneous layers requires the use of averaged parameters such as porosity, mean pore radius and tortuosity. All of these parameters vary from one microstructure to another and as such are limited in there ability to help distinguish the fundamental effects of electrode geometry on fuel cell performance.
Thus, modeling a fuel cell's electrode microstructure and the reacting flows which pass through them is an important task for properly understanding the complex phenomena of mass, heat, and charge transport as well as electrochemistry which occur in the electrodes during fuel cell operation. Factors such as the thickness of the electrode-catalyst layer, the porosity, pore connectivity, pore radius, and tortuosity affect the transport of the chemical species through the electrodes which in turn greatly influence the activation and concentration/ diffusive losses occurring on the cathode/anode sides of a fuel cell (e.g., see Lee et al. [8] and Chan et al. [9] ).
One of the major problems in trying to do pore-scale modeling of the mass, heat, and charge transport in fuel cell electrodes is to numerically reconstruct the complex 3D porous microstructure of the electrodes or electrode-catalyst layers. Several reconstruction methods have been used in the literature in applications where there is only a single solid phase as opposed to the two solid phases in SOFCs or three solid phases in PEMFCs. One method combines a series of 2D sections to obtain a 3D structure. However, this is a difficult process which is limited by the impossibility of preparing sample cross sections with a spacing of less than 10μm [10] . Another possible approach is to use non destructive X-ray computed micro-tomography which directly produces a 3D pore space image at resolutions of around a micron [11] . But this resolution is not sufficient for reconstructing the electrode or electrode-catalyst layer microstructure which can have submicron size pores. One of the more popular ways of reconstruction is to stochastically reconstruct the 3D porous structure from microscopic 2D images of the porous microstructure [12] [13] [14] [15] [16] . This method is comparatively easy and cost efficient. These stochastic reconstruction methods can be applied to reconstructing SOFC and PEMFC electrode microstructures.
A primary focus of the present paper is a discussion and application of two stochastic modeling techniques for reconstructing fuel cell microstructures from 2D microscopic images obtained from scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The two techniques used are a) one-point statistics or the granulometry law method which takes into consideration the porosity of the medium and an assumption that the porous medium is made up of regular grains of a fixed known shape; and b) two-point statistics which provides a more reliable reconstruction since it takes into account porosity and the two-point auto-correlation function which provides information about the connectivity of the pores in the porous medium.
To obtain the images for a PEMFC, a membrane electrode assembly was fabricated at the Center for Energy Systems Research at Virginia Tech and SEM and TEM images of electrode-catalyst layer cross-sections were taken. Images for the SOFC electrode cross-sections were obtained from the literature although efforts are currently underway to develop these images at facilities at the Politecnico di Torino. The other primary focus of the present paper is to present results for the mesoscopic modeling of reactive mixture flows in reconstructed SOFC microstructures. The kinetic model, which appears in [17] [18] [19] , is used and solved via the lattice Boltzmann method (LBM), which is an alternative computational fluid dynamics approach for modeling fluid flows in complex geometries such as porous structures. In the present work, this model is used to study the gas species transport through the stochastically reconstructed SOFC porous anode electrodes generated by both one-point and two-point statistics.
STOCHASTIC RECONSTRUCTION
For the porous reconstruction, a microscopic 2D crosssectional image is first converted into a digital binary image so that the geometrical parameters needed for microstructure reconstruction can be characterized. Figure 1a shows a sample SEM microscopic image of a PEMFC cathode catalyst layer while Figure 1b shows the digital binary image. This latter image is obtained from the former by thresholding, which is a process that differentiates between the solid phase and the pore phase by setting a limit on the intensity of the brightness in the image. The digital image is a binary image in which the solid phase is represented by 0's (black) and the pore phase by 1's (white). 
Characterization of the Geometric Parameters
The pore space of a porous medium is characterized by a phase function Z(x) which is equal to 1 when x belongs to a pore space and 0 otherwise [14] . Here x denotes the position with respect to an arbitrary origin. The porosity and the twopoint auto-correlation function are the first two statistical moments of the phase function. The porosity is the probability that a voxel, i.e. each elementary unit obtained by discretizing the 3D continuum space, is in the pore space and is given by
(5) The two point auto-correlation function is the probability that two voxels separated by distance u are both in the pore space and is defined as
Here the over bar denotes a statistical average and u is the lag vector between the two voxels. For a statistically homogeneous porous medium, the porosity, ε, is constant and the autocorrelation function, C(u), is only a function of u and is independent of the location vector x.
One-Point Statistic (Granulometry Law) Reconstruction
This method of porous reconstruction only takes into account the first statistical moment of the phase function, i.e. the porosity, ε, obtained from the 2D images. It is also based on the assumption that the porous medium is made up of grains of different sizes belonging to the solid phase. In 2D, the grains are defined as squares of different sizes which make up the porous image, while in the reconstructed 3D porous geometry, the grains are cubes of different sizes.
Once the digital image has been obtained, the granulometry law is applied to the image. The process involves counting how many grains, characterized by a given shape (square) and a given size, exist in the digital image. The procedure used to obtain the total number of grains of a particular grain size is as follows:
a) The whole digital image is checked for the largest grain size possible. b) Wherever that particular grain size is obtained from the image, the corresponding cells are converted into neutral cells (i.e. they are no longer considered in the subsequent checks) c) The total number of grains belonging to that particular grain size is counted.
The above procedure is repeated for the next largest grain size and so on until the total count for the least grain size is obtained. Figure 2 shows the possible distribution of the grains of different sizes but of the same shape (square) that can be present in a small cross-section of the digitized binary image. grain size and its frequency for the solid phase is reasonably interpolated by the following expression:
where N i is the total number of grains of a grain size d i , N t the total number of grains of all sizes, d i the characteristic grain size, and d 0 the minimum grain size determined by the resolu-
tion of the image considered. The 3D reconstructed geometry should have the same porosity as that of the 2D image. Let π 3D be the porosity as calculated from the 2D image. Then the porosity in 3D can be defined as
where L is the dimension of the 3D domain being generated and V 0 the total volume of all the obstructions in 3D. However, V 0 is the sum of all the grains of different grain sizes in 3D, i.e.
Now, in view of equation (7) for the 2D case, one can write for the 3D case that ( )
where
is the total number of grains of size d i in 3D, and
the total number of grains of all sizes in 3D. Combining equations (9) and (10) yields
Then from equations (8) and (11), the 3D porosity is given by
Now, the total number of grains of all sizes in 3D can be calculated as
Once these are known, the total number of grains corresponding to different grain sizes in 3D can be found using equation (10) . This information is then used to generate a random porous structure as outlined in the procedure below.
a) The computational domain is first randomly filled with the largest sized grains possible. b) Next, the computational domain is randomly filled with the next largest sized grains. c) This procedure is continued till grains of the smallest size are filled into the computational domain.
Using this procedure, a porous geometry is reconstructed which has the same porosity as that of the microscopic image and is made up of cube shaped grains. Figure 3 shows the reconstructed porous image using granulometry law (one-point) statistics.
Two-Point Statistics Reconstruction
The reconstruction method based on two-point statistics makes use of the geometrical parameters, i.e. porosity and a two-point auto-correlation function. A petrographic analysis software called IMAGO, which is used in the petroleum industry, is employed here for the reconstruction using the twopoint statistics. This software makes use of the Gaussian truncated method developed by Adler et al. [15] and Liang et al. [16] for the 3D reconstruction assuming homogeneity and isotropy. The 3D porous structure is created from 2D porous sections preserving the porosity and the auto-correlation function. Figure 4 shows the reconstructed geometry obtained using two-point statistics. 
SOFC ELECTRODE RECONSTRUCTION
The anode side electrode of a conventional electrolytesupported planar SOFC is considered for the 3D reconstruction. The microscopic picture (seen in Figure 5 ) of a cross-section of the Ni-metal/YSZ-electrolyte electrode is obtained by means of back scanning electron microscopy [20] . The reconstruction is done both by the granulometry law (one-point) statistics and by using IMAGO for the two-point statistics.
3D Reconstruction of SOFC Using the Granulometry Law
In order to distinguish the two solid phases and the pore phase, a threshold operation is performed on the 2D microscopic image so that one can recognize the nature of the materials involved. Therefore, the original gray scale image is Once the digital image is obtained, the granulometry law method as explained previously is applied to this image for each of the species (i.e. Ni and YSZ). In other words, the number of grains corresponding to a particular shape and size for each species is counted and the granulometry law is calculated for each species. The granulometry laws for both the species can be interpolated by the following exponential functions: (16) where d 0 = 0.404 μm and is the minimum grain size considered and depends on the resolution of the micrograph. Once the granulometry law correlation is found for each of the species, the total number of grains in 3D for each of the species can be used to calculate the grain distribution in 3D for both species. A code was developed in-house to do this and create a random porous structure for the SOFC anode layer.
Due to computational power restrictions, the size of the reconstructed geometry used for reacting mixture flow simulations may be different from the original image used for the 3D reconstructions. The thickness of the original image in the present case is around 80 μm so that ideally the thickness of the reconstructed image should be around 198 pixels. However, using a reconstructed image of this size is computationally challenging for the flow simulations. In order to ensure grid independent results, the computational mesh should be finer than the physical geometry which describes the porous geometry. For this reason, only a portion of the porous geometry reconstructed is actually used for the flow simulations so that large computational refinements can be considered which result in accurate estimations of the fluid flow. In particular, a 13 μm cube is considered which is filled by a 32 3 physical grid. Figure 9 shows the granulometry law (one-point) statistics based reconstructed 3D geometry used for flow simulations. 
3D Reconstruction of SOFC Using Two-point Statistic
Before applying the two-point statistics to reconstruct the SOFC anode layer in 3D, the thresholding operation is performed on the original micrograph (Figure 10a ) so that an approximate distribution of Ni, YSZ and pores can be obtained. The threshold is selected such that the digital image for each species distribution is visually closer to the actual image. A better way of performing thresholding operation is to obtain the experimental values of the Ni and YSZ volume fractions and then apply the threshold which can result in a more accurate description of the distribution of the species. Work towards this is currently being performed at Politecnico di Torino and will be reported in a future work. Figures 10b),c),d) show the result obtained from thresholding. These digital images show the approximate distributions of the pore (Figure 10b) ), YSZ (Figure 10c) ), and Ni (Figure 10d) ) distributions used as input images to the IMAGO software, which develops the volume fraction of the species or void fraction of the pores and the twopoint auto-correlation function which gives the connectivity of the species or pores. Once these are known, IMAGO generates the 3D geometry for each species by the Gaussian truncated method. A code was developed in-house to combine the three geometries for Ni, YSZ, and the pores so that a final 3D SOFC porous anode geometry with appropriate volume fraction, porosity and species auto-correlation function is generated. In IMAGO, the resolution of the image is such that the size of each pixel is 0.3207 μm. The reconstructed geometry is a 10 μm cube which is considered to be filled with a 32 3 physical grid. Figure 11 shows the final reconstructed image of the SOFC anode using IMAGO.
PEMFC ELECTRODE CATALYST LAYER RECON-STRUCTION
The cathode side of a PEMFC electrode catalyst layer is considered for reconstruction. The membrane electrode assembly of a regular PEMFC is fabricated and SEM and TEM cross-sectional images are taken (see Figures 12 to 14) . The SEM image in Figure 13 gives information about the distribution of the polymer within the porous structure. It does perimentally calculated values of the carbon and the platinum volume fractions in the porous structure, which are then used to randomly distribute these two species (phases) throughout the microstructure. A detailed description of the two different methods of PEMFC electrode catalyst layer reconstruction is given in the following sections. Figure 15a ) shows the SEM PEMFC electrode catalyst layer portion used to obtain the granulometry law statistics. The porosity of the layer, the platinum catalyst volume fraction and the carbon volume fraction can be calculated experimentally during the fabrication of the membrane electrode assembly (MEA). A proper threshold is applied to the image shown in figure 15a so that the digital image has a porosity consistent with the experimentally calculated value. Figure 15b shows the digital image obtained from Figure 15a ). With this digital image, the number of grains corresponding per grain size is computed for the polymer phase. Here d 0 = 0.035 μm and is the minimum grain size considered. The thickness of the electrode catalyst layer is 14 μm which corresponds to 397 pixels in the SEM catalyst layer image and because of the flow computational restrictions mentioned above only a small portion of this layer is reconstructed, i.e. a cathode catalyst layer of 1.12 μm thickness is reconstructed and filled by a 32 3 physical grid. With the granulometry law statistics for the polymer, the total number of grains in 3D for the polymer can be obtained and randomly distributed in the computational domain to generate a random porous structure consisting only of pores and the polymer phase. The porous structure obtained has a porosity similar to the experimentally calculated value but the polymer volume fraction is different since the solid portion of the regenerated structure has only the polymer phase and not the platinum and carbon phases. In order to be consistent with the experimentally calculated values of the volume fractions for the different phases, the polymer phase locations in the computational domain are randomly converted to carbon and platinum phases. Since in reality, the platinum particles are supported by carbon, care is taken that the platinum phases are in contact with the carbon phase. The final 3D reconstructed electrode catalyst layer geometry is shown in Figure 17 .
3D Reconstruction of a PEMFC Electrode Catalyst Layer with the Granulometry Law (One-Point) Statistics

3D Reconstruction of a PEMFC Electrode Catalyst Layer with the Two-Point Statistics
The two-point statistics reconstruction makes use of both the SEM and TEM images. The digital image obtained from the SEM image after thresholding operation gives the solid phase in the porous geometry. Using the porosity and the autocorrelation function obtained from this image, a 3D geometry is generated using IMAGO. However, this generated geometry has only the polymer phase in it. To obtain information for the other two phases (platinum and carbon), the high resolution TEM image shown in Figure 14 is used. First, a threshold operation is applied on this image so that the digital image obtained from this TEM image has a carbon volume fraction similar to the experimental value. Figure 18a) shows the digital image for the carbon phase which is then used as input to IMAGO to generate a 3D geometry for this phase. Another threshold operation is then performed on the TEM image for the platinum phase consistent with the volume fraction for platinum obtained experimentally. Figure 18b shows the digital image with the platinum phase, which is used by IMAGO to generate a 3D geometry consisting only of the platinum phase. A code developed in-house then combines the three different phase geometries into a single one. The final reconstructed 3D geometry obtained has a porosity and volume fractions of the polymer, carbon and platinum consistent with the experimental values. Figure 19 shows this reconstructed 3D geometry for the PEMFC electrode catalyst layer. 
THREE-PHASE BOUNDARIES (TPBs)
Once the porous microstructure of the electrode catalyst layer has been reconstructed, the next step is to locate the threephase boundaries (TPBs) present in the geometry. The procedure adopted is outlined in the following sections. 
Locating TPBs in the SOFC Electrode
In SOFC anode, the TPBs are the interfaces where the electron conducting nickel, ion conducting YSZ, and the gas transporting pores are in contact with each other. Thus, to identify the TPBs in the reconstructed geometry, one must check the locations where an electron conducting cell (i.e. Ni), an ion conducting cell (i.e. YSZ) and a gas transporting cell (i.e. pore) are in contact with each other. Also, for the electrochemical reaction to occur, there must be at least be one connection path for the electron conducting cell with the electron collecting metal grid on the anode side. Similarly, for the ion conducting cell, there must be at least one connection path with the ion conducting electrolyte and one connection path for the gas transporting cell to the gas channel. A code developed in-house is used to identify the TPBs existing in the reconstructed SOFC geometry based on the above conditions.
Locating TPBs in the PEMFC Electrode Catalyst Layer
In the PEMFC, in addition to the oxygen transport through the pores, oxygen can diffuse through the polymer. Therefore, the reaction sites not only exist near the pores but may also exist within the polymer enclosing the carbon supported platinum. In the PEMFC, the TPBs are the interfaces where a gas transporting pore, ion conducting polymer, and electron conducting carbon supported platinum are in contact as well as where an ion conducting and gas transporting polymer and electron conducting carbon supported platinum are in contact with each other. Care must be taken to check that the carbon supported platinum has a connection path with the electron collector on the cathode side, the ion conducting polymer has a connection path with the electrolyte and the pore is able to transport oxygen from the gas channel. A code developed inhouse is used to identify the TPBs in the reconstructed PEMFC geometry based on the above conditions.
SOFC ELECTRODE: REACTIVE MIXTURE FLOW
Once the porous microstructure of the electrode-catalyst layer is numerically reconstructed, it can be used to describe the reactive mixture flow through it. To do so, the kinetic model for binary reacting mixture flow found in [17] [18] [19] is solved using a parallel LBM code developed previously. Since at present the code is only applicable to gases, it is only used here with the SOFC reconstruction. Currently the code is being updated for two-phase reacting mixture flows in PEMFC electrode catalysts layers and results for these flows will be reported in a future work. For the present, the existing code is used to study reacting mixture flows in the two SOFC electrode geometries reconstructed using one-and two-point statistics.
NUMERICAL RESULTS
The reconstructed anode electrodes of SOFC are considered to be computational domains filled with a 32 3 physical grid. In order to ensure that the numerical results are mesh independent, the computational domain is refined, i.e. the computational mesh is denser than the physical grid. Therefore, the actual computational domain on which the calculation is done has 256 3 cells. Since the LBM code used is parallel in nature, this computational domain is decomposed and solved on 64 CPUs (nodes) of the massively parallel supercomputer, System X, at Virginia Tech. The typical domain decomposition for 64 CPUs is regular and is reported in Figure 20 . It also shows the different gas species coming in and going out of the bottom plane which is the interface plane with the gas channel. The electrochemical reactions do not occur in the bulk fluid but only at the TPBs where on the anode side, hydrogen is consumed and water produced. The electrochemical reaction locally modifies the species concentrations and produces a concentration driven flow. Asinari et al. [17] [18] [19] proposed a strategy to tune the reactive boundary conditions to model for a given current density. For the present numerical simulations, the reactive boundary conditions are tuned for a current density of 0.4 A cm -2 (typical for SOFCs). The mass flux contours at the main input/output bottom plane for both reconstructed geometries are reported in Figures 21 and 22 . Figure 21 shows the surface-averaged mass flux contours of the consumed and produced species at the bottom plane for the geometry reconstructed using one-point statistics. The black color represents the regions where the flux is reversed due to drag effect. The outgoing water produced due to the chemical reaction is reported in Figure 21a ) and the incoming hydrogen which is consumed by the electrochemical reaction is shown in Figure 21b) . Similarly, Figure 22 shows the surface-averaged mass flux of the produced water (Figure 22a) ) and consumed hydrogen (Figure 22b) ) at the bottom plane for the reconstructed geometry obtained from two-point statistics.
Figures 23 and 24 show the surface contours for mass fluxes of water and hydrogen at an intermediate plane for the one-point and two-point statistics reconstructed geometries. It can be seen from these contours that the maximum production of water and the maximum consumption of hydrogen are at the high reactive core, i.e. in those regions where there are more TPBs. In addition, it can be seen from these figures that there is a greater distribution of pores towards the outer bounds of the anode geometry generated with the one-point statistics than that generated with the two-point statistics (again for the same porosity). This means that there are fewer pores available within the geometry (at least at this intermediate plane) obtained using the one-point statistics than that using the two-point statistics, resulting in fewer TPBs in the former than in the latter. Also the number of three phase boundaries may be higher in the two point statistics geometry than the one point statistics geometry due to the better connectivity between the pores and the different phases resulting from the use of the auto-correlation function which gives the connectivity between different phases. Thus, in general, it would appear that the twopoint statistics based reconstruction may be a better reconstruction approach than that based on the granulometry law. 
Computation of Tortuosity
It has previously been shown that tortuosity is a fluiddynamic concept that depends on the local fluid flows [17] [18] [19] , i.e. the tortuosity depends on how a given species interacts with a particular porous medium 1 . As such, the tortuosity of water and hydrogen are not exactly the same since these two species follow different flow paths. Based on the methodology 1 It is true that the tortuosity is usually considered to be a geometric parameter. However, it was originally introduced as a kinematic property equal to the average relative length of the flow path of a fluid particle from one side of a porous medium to the other [21] . If and only if a suitable model of the porous medium is chosen, e.g., one consisting of capillaries, then it also becomes a purely geometric property, since in this case, the fluid path is uniquely defined. described in [17] [18] [19] , the tortuosities are calculated for both the one-point and two-point statistics reconstructed geometries. The results are shown in Figure 25 where the surface-averaged tortuosities for the different species are given as a function of the normalized depth of the porous medium (electrode). In general, those for the two-point statistics are higher than for the one-point statistics.
In terms of the volume-averaged tortuosities, the results are reported in Table 2 . As can be seen, the calculated numerical values for both the one-point statistics and two-point statistics Figure 25 . Surface-averaged tortuosity varying with normalized depth of the porous electrode for the a) one-point statistics reconstructed geometry and for the b) two-point statistics reconstructed geometry.
are reasonably close to the typical experimental value of 3 reported in [22] for characterizing SOFC anodes. This is an encouraging result in the sense that starting from only 2D microscopic images, one is able to stochastically generate 3D geometries which reasonably well match the volume-averaged tortuosities found experimentally. Table 2 . Volume-averaged tortuosities computed for the different reconstructed geometries. Table 3 shows the volume averaged mass fluxes for water produced and hydrogen consumed for each of the reconstructed geometries. These volume-averaged mass fluxes are calculated for the entire volume in contrast to the contour plots of Figures  21 to 24 which only show surface area distributions for a given plane. It can be seen that the mass flux values in the geometry generated using one point statistics are more than the corresponding values for the two point reconstructed geometry. This is an interesting result as one would expect higher mass flux in the two point statistic geometry than in the one point statistic geometry because of the presence of the higher TPB's in the former. But this result can be attributed to the higher tortuosity in the two point statistic geometry which implies that there is a higher resistance to the flow of fluid in this geometry than in the one point statistic case. Table 3 . Normalized volume-averaged mass fluxes computed for the two different reconstructed SOFC anode geometries (for normalization constants refer to Figure 21 ). 
Reconstruction Method Water
CONCLUSIONS
Although both of the stochastic 3D reconstruction methods for SOFC electrodes and PEMFC electrode catalyst layers from 2D microscopic SEM/TEM images seem to be viable approaches, the method based on two-point statistics appears to result in a more realistic reconstruction of the microstructure. This conclusion is based both on the details of the methods (the two-point statistics incorporates more experimental data into its reconstruction approach) and on the results obtained from the numerical simulations for reacting mixture flows. The intention, of course, with both the reconstructions and flow simulations is to be able to eventually have a tool in which there is sufficient confidence that it can be used as a means for optimizing the designs of the electrode microstructures so crucial to fuel cell performance.
Reconstruction Method
Tortuosity One-point statistics 2.2733 Two-point statistics 4 .1420
